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Abstract 
Background: Haemoglobinopathies can be 
quantitative (thalassemic syndromes) or qualitative 
(Hb variants). Haemoglobinopathies are the most 
common genetic defect globally. 
The rationale of this study is to evaluate the 
distribution of haemoglobinopathies in Pakistani 
population. The objective of this study is to 
determine the frequencies of different 
haemoglobinopathies in all the referred cases for 
haemoglobin electrophoresis of a tertiary care 
teaching hospital. 
Methods And Materials: A descriptive cross 
sectional study was conducted in the department of 
haematology, Holy Family Hospital, Rawalpindi. 
Two thousand and five cases referred for 
haemoglobin electrophoresis from September 2016 
to June 2017 were included in the study using non-
probability consecutive sampling. Data regarding 
patient’s age, gender, registration number, red cell 
indices, hemoglobin and Hb electrophoresis were 
collected through files of the data office. SPSS 22 
was used to analyse the data, descriptive statistics 
were calculated. 
Results: Out of 2005 cases, 1934 (96.5%) were 
females and 70 (3.5%) were males. Age was ranging 
from 1-55 years with a mean age of 26.38±5.71 years. 
Haemoglobinopathies were found in 87 (4.34%) 
patients. The commonest haemoglobinopathy found 
was HbD trait 44 (2.2%) followed by beta 
thalssaemia trait 29 (1.4%), HbJ/HbI 6 (0.3%), beta 
thalassaemia major 3 (0.1%), sickle cell trait 2 (0.1%), 
thalassaemia intermedia 1 (.0%), homozygous HbD 
disease 1 (.0%) and HbE trait 1 (.0%). Mean Hb(g/l), 
RBCs (x10^12/l), MCV (fl), MCH (pg) and RDW-SD 
were 9.22±3.08, 3.94±0.77, 75.18±11.04, 23.53±4.55 and 
46.52±8.00 respectively. 
Conclusion: 4.34% of 2005 cases referred for 
haemoglobinopathy evaluation had 
haemoglobinopathy. HbD trait (55%) and beta 
thalassemia trait (33.3%) were commonest 
haemoglobinopathies. 
Keywords: haemoglobinopathies, thalassaemia, 
haemoglobin variants, haemoglobin electrophoresis. 
 
Introduction 
Haemoglobinopathies are hereditary defects of 
synthesis of globin chains i.e. the proteinaceous 
component of hemoglobin (Hb)1 and can be 
quantitative (thalassemic syndromes) or qualitative 
(variant Hb). They are the most prevalent monogenic 
disorders globally, with an incidence of two sixty nine 
million  carriers.2 Worldwide, certain ethnic groups are 
at escalated danger of being affected with a 
haemoglobinopathy3; while around 5% of  the  world’s 
 population carries  a  gene  of  sickle-cell  anaemia  or 
thalassaemia, percentage  of  carriers can  reach up to  
25%  in some regions.4  
In Pakistan, where the prevalence of thalassemia is 
about 5%–8%5,6, it remains to be a challenge for health 
care as well as load on affected families besides health 
care delivery system. Families with consanguineous 
marriages have high incidence. Other variants like 
HbD, HbE and HbS, isolated or in combination with 
beta thalassemia are also present in our population.7 
Hemoglobin-D is the most prevalent hemoglobin 
disorder besides beta thalassemia.  
For the prevention of thalassemia major (homozygous) 
in infants, it is crucial to have a trustworthy source of 
detection as well as recognized methods for Hb 
variants and trait of β-thalassemia (heterozygous).6 In 
order to diagnose the hemoglobin disorders, blood 
counts, red cell indices as well as peripheral film 
examination remain the first line of investigations and 
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followed by haemoglobin electrophoresis we can reach 
to conclusion most of the times. Effective execution of 
national thalassemia screening programs show a 
decline in freshly registered cases of thalassemia as in 
bordering states; the Islamic Republic of Iran and 
Turkey.8,9 
In a study conducted in northern areas of Pakistan on 
1187 cases of refractory anaemia, 305 (25.69%) cases 
were found to have haemoglobinopathies of which 254 
(83.23%) belonged to B-thalassaemia group and 
51(16.73%) to abnormal Hbs.7 In another study 
conducted in the region showed that out of the total 
504 cases, normal pattern was seen in 361  subjects  
(71.6%),  129  (25.6%)  had  the  thalassaemia  trait ,  7  
had  thalassaemia major  (1.4%)  and  the  rest had HbS 
or  HbD  (1.4%).2  
There is no recent data available regarding the 
frequencies of haemoglobinopathies in Pakistan and 
also the data available has a small sample size. This 
study evaluated a large cohort of patients with an 
objective to determine the frequencies of different 
haemoglobinopathies in all the referred cases for 
haemoglobin electrophoresis of a tertiary care teaching 
hospital so that a definite plan of action regarding the 
diagnostic, preventive, and therapeutic strategies can 
be formulated to minimize more serious disorders in 
future generation. 
 
Materials and Methods 
It was a descriptive cross-sectional study conducted in 
the department of Pathology, Holy Family Hospital, 
Rawalpindi. Two thousand and five (2005) referred 
cases for haemoglobin electrophoresis from different 
departments of Holy family hospital from September 
2016 to June 2017 were included in this study using 
non probability consecutive sampling. The research 
protocol was approved by the institutional research 
forum of Rawalpindi medical university. 
Data regarding patient’s age, sex, registration number, 
red cell indices, hemoglobin and results of Hb 
electrophoresis was collected through files of the data 
office on a specially designed proforma. For each 
patient a 3 mL intravenous blood sample was collected 
in EDTA-containing vacutainer. Then, the samples 
were tested within 2 hours of sampling using a fully 
automated blood cell counter (Sysmex KX-21). 
Haemolysate was prepared by adding carbon tetra 
chloride and distilled water. Commercially available 
electrophoresis kit comprising of cellulose acetate 
membrane in tris-EDTA-borate buffer at alkaline pH 
i.e. 8.8 (CELL) was used to carry out haemoglobin 
electrophoresis. Automated densitometer (CELL) was 
used to measure band densities. The results were then 
reported in view of clinical findings, peripheral blood 
smear (where applicable), red cell indices, examination 
of electrophoresis strips and band densities.  Sickling 
test, using sodium metabisulfite as a reducing agent 
was used to differentiate between Hb-D and Hb-S. 
 
Results 
During the study period of 10 months, a total of 
2005 cases were studied. The patient population 
comprised of 1934(96.5%) females and 70(3.5%) 
males. Table 1 shows distribution of detected 
haemoglobinopathies according to gender. 
Patients ranged from 1 to 55 years of age. The 
average age was found to be 26.38±5.71years. 
Haemoglobinopathies were detected in 87(4.34%) 
patients.  
 
S No. Haemoglobinopathies Total Male Female 
1 Hb D trait 44 3 41 
2 Beta thalassaemia trait 29 3 26 
3 Sickle cell trait 2 0 2 
4 Beta thalassaemia major 3 0 3 
5 Thalassaemia 
intermediate 
1 0 1 
6 Homozygous Hb D 
disease  
1 0 1 
7 Fast moving band 6 1 5 
8 Hb E trait 1 1 0 
Table I: Distribution of haemoglobinopathies 
according to gender 
 
Table 2: Distribution of haemoglobin patterns in 
study population 
S 
No. 
Pattern of Haemoglobin No. of 
Cases 
% 
1 Hb D trait 44 2.2 
2 Beta thalassaemia trait 29 1.4 
3 Sickle cell trait 2 0.1 
4 Beta thalassaemia major 3 0.1 
5 Thalassaemia intermediate 1 .0 
6 Homozygous Hb D disease  1 .0 
7 Fast moving band  
(Hb I/ Hb J) 
6 0.3 
8 Hb E trait 1 .0 
9 Normal 1917 95.6 
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Hb: Haemoglobin, RBCs: Red blood cells, MCV: Mean corpuscular volume, MCH: Mean corpuscular 
haemoglobin, RDW-SD: Red cell distribution width-standard deviation. 
Table III: Haematologic parameters of the patients stratified according to the haemoglobin patterns (values 
mentioned are mean ± standard deviation)  
 
The most common haemoglobinopathy detected was 
HbD trait present in 44(2.2%) patients. β thalssaemia 
trait was found in 29(1.4%) cases followed by HbJ/HbI 
in 6(0.3%), beta thalassaemia major in 3(0.1%), sickle 
cell trait in 2(0.1%), thalassaemia intermedia in 1(.0%), 
homozygous HbD disease in 1(.0%) and HbE trait in 
1(.0%). Sickling test was performed to confirm the 
diagnosis of heterozygous HbS and to differentiate it 
from HbD due to its similar electrophoretic mobility 
pattern. Table II shows the distribution of 
haemoglobinopathies in the study population. 
For each of these groups, the hematologic parameters 
have been shown in Table III. The overall mean values 
of Hb(g/l), RBCs(x10^12/l), MCV(fl), MCH(pg) and 
RDW-SD were found to be 9.22±3.08, 3.94±0.77, 
75.18±11.04, 23.53±4.55 and 46.52±8.00 respectively. 
 
Discussion 
Hemoglobinopathies have autosomal recessive pattern 
of inheritance and primarily the globin moiety of the 
Hb molecule is affected. These disorders, which were 
mainly limited to certain areas, religions, castes, and 
tribes, particularly with endogamous customs of 
weddings, are now widely distributed all over the 
world. This is because of the migration of various races 
over the ages and hence, being home to an assortment 
of sociocultural, linguistic, and ethnically diverse 
people.10 
In this study the percentage frequency of Hb disorders 
was found to be 4.34%, which was lesser than another 
study conducted in northern areas of Pakistan where it 
was found to be 25.69%.7 This can be because most of 
the cases referred for haemoglobin electrophoresis in 
our center are antenatal and part of work up for 
anaemia in these patients. This can also be the reason 
for female predominance in detected 
haemoglobinopathies in our center as shown in the 
Table I.  
HbD trait was found to be the most common form of 
haemoglobinopathy according to our resuts followed 
by beta thalassaemia trait which is in contrast to 
previous studies done in the region where beta 
thalassaemia trait was the most prevalent 
haemoglobin defect.2,7,11,12 The projected frequency of 
thalassaemia gene in Pakistan  is  nearby  5%–8%,  by 
way of  eight to ten million  carriers  and  each year 
6000 children are born  with  thalassaemia  major5,6. 
HbJ/Hb I and Hb E trait were also detected in this 
study in contrast to the previous studies done in the 
region.2 Current study was not population based.  Hb 
electrophoresis was done as a part of antenatal 
screening or during the work up for anaemia in 
majority of the cases.  Pre-conceptional and post-
conceptional screening can reduce the chances of birth 
of a homozygous child. If both the parents are 
thalassaemia trait, then there is 25% chance of beta 
thalassaemia major, 50% chance of beta thalassaemia 
minor and 25% chance of normal offspring in every 
pregnancy. In comparison to previous studies, this  
study  revealed  a low frequency of beta thalassaemia 
major which might be because of preventive  strategies 
 being employed. 
Haemoglobin electrophoresis can help in detection of 
haemoglobinopathies but it cannot detect alpha 
thalassaemias. Hb variants that have the same 
S No. Haemoglobin pattern Hb (g/dl) RBCs 
(x10^12/L) 
MCV (fl) MCH (pg) RDW-SD 
1 Normal 9.19±3.11 3.92±0.76 75.24±11.05 23.56±4.55 46.56±7.98 
1 Hb D trait 9.99 ± 2.44 4.22 ± 0.55 75.10 ± 11.11 23.60 ± 5.09 46.30±5.99 
2 Beta thalassaemia trait 9.79 ± 1.29 4.97 ± 0.57 69.48 ± 8.45 21.40 ± 3.74 40.96±7.76 
3 Sickle cell trait 9.86 ± 0.33 4.13 ± 0.44 84.10 ± 0.85 24.65 ± 1.77 49.61±0.58 
4 Beta thalassaemia 
major 
5.80 ± 0.62 2.59 ± 0.40 73.93 ± 1.86 22.73 ± 4.31 69.10±2.97 
5 Thalassaemia 
intermediate 
6.70 ± .0 4.2 ± .0 73.05 ± .0 23.7 ± .0 49.00± .0 
6 Homozygous Hb D 
disease  
9.1 ± .0 2.75 ± .0 96.80 ± .0 23.00 ± .0 67.6 ± .0 
7 Fast moving band  
(Hb I/ Hb J) 
11.22 ± 2.22 4.45 ± 0.71 81.88 ± 12.65 25.23 ± 3.33 47.57±6.43 
8 Hb E trait 8.1 ± .0 3.55 ± .0 56.4 ± .0 15.2 ± .0 43.2 ± .0 
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retention time cannot be separately identified. 
Nutritional anemias should always be taken into 
consideration during interpretation of chromatograms. 
Iron deficiency can decrease the level of HbA2, 
masking beta thalassaemia trait. In the same way, 
cobalamin or folate deficiency might increase the level 
of HbA2, leading to a false diagnosis of thalassemia 
trait and whenever necessary, molecular studies, such 
as polymerase chain reaction (PCR) should be 
followed. 
 
Conclusion 
Haemoglobin electrophoresis is a good screening test 
for the early identification of hemoglobin defects. 
Thus, premarital in addition to antenatal screening 
ought to be made compulsory in order to prevent the 
birth of homozygous offspring. Furthermore, 
information about the geographic distribution of 
common Hb variants aids to plan suitable preventive 
and therapeutic methods. 
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